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N. Duruy, G. Bellessa. Observation of unbroadened giant quantum oscillations in the attenuation of rayleigh waves in gallium. surface stress effect. Giant quantum oscillations (GQO) in the attenuation of Rayleigh waves have been already observed [ 1 ] .
However the linewidth and its variation as a function of the temperature were not in agreement with the theory of Grishin and Kaner [2] . In this paper we report the observation of unbroadened attenuation peaks which agree with the theory [2] . To obtain such unbroadened peaks, the metal surface must be free of any stress. As the surface is deliberately stressed the attenuation peaks are largely broadened. Experimental evidence for this effect is reported and a qualitative explanation is proposed.
The experimental procedure has been previously described [3] . The single crystal is made with very pure gallium in a plastic mold which has two polished faces [4] . The flat surfaces of the gallium crystal are normal to the b axis [5] [6] . The Rayleigh wave velocity exhibits also GQO. These oscillations are similar to those which have been observed in the bulk [7] . The metal surface is free of any stress.
peak and the velocity peak for a sample with a free surface. It appears clearly on figure la that a small broadened line is superposed on the main peak. The former line arises from the GQO on the stressed surface under the combs since there are always ZnS films on these parts of the sample. This assertion will become evident later on. In the present experiments, the propagation length under the combs is 30 % of the total propagation length. The main peak of figure la exhibits a spin splitting as in the bulk case [6] . The (Fig. la) . It is found to be 700 Oe. This value is consistent with the linewidth (750 Oe) which is measured on curve 2a after the small broadened line of figure la has been substracted from the experimental peak (this line still appears on figure 2 through a slope change on the low field side of the peak). Curve b on figure 2 is obtained after a 6 000 A thick film of ZnS has been evaporated on the sample surface. In this case, there is no longer the problem of inhomogeneous stresses on the surface since the thickness of the ZnS film is the same under the combs and between them.
It appears on figure 2 that the attenuation peak is widely broadened. Its width at half-height is 1 500 Oe and is to be compared with 600 Oe which is the linewidth of the unstressed surface at the same temperature (Fig. la) . The [2] . These authors have studied the shape of the absorption line and have considered temperature effects. The latter induces a line broadening which is similar to the thermal broadening in the case of bulk waves. If the temperature is the single cause of broadening, the peak has a symmetrical shape and its width at half-height can be written as in the bulk case [6] where P is the period in 1/7~ and me is the cyclotron mass (mc = 0.06 mo in the present case). The experimental value (Fig. la) is in agreement with eq. (1) (taking the spin splitting into account). This agreement is noteworthy since, experimentally the reflections of the electrons on the surface are mostly diffuse and the theory has been made in the case of specular reflections. The experimental results in the case of the stressed surface (Fig. 2 ) cannot be explained with the theory of Grishin and Kaner. However,, it is possible to explain the line broadening by taking into account the strains near the surface. In order to estimate the deformation at the film-gallium interface, the thermal expansion coefficients a are used. a is known down to 20 K for ZnS [8] and down to 4.17 K for Ga [9] . If the ZnS film is supposed stronger than the gallium single crystal, it imposes the strain in the gallium. In this case the linear strain of the gallium surface is where 300 K is the temperature of the substrate during the deposition of the ZnS film. It is interesting to compare this value with the coefficient of linear compressibility for Ga [10] Eq. (2) shows that the crystal is stretched at the interface. However it gives only an order of magnitude for the deformation, since it neglects any strain in the ZnS film. Obviously, the dilatation A(z) at a distance z from the interface decreases as z increases and the lattice is inhomogeneously deformed. The Rayleigh waves are confined to a layer approximatively one wavelength thick and so they interact with the electrons which move in the strained part of the crystal. Hence, any change in the behaviour of the conduction electrons, appears on the GQO of Rayleigh waves. Hunter and Nabarro have considered the propagation of electrons in an inhomogeneously deformed lattice [11] . They obtain for the electron energy an expression of the form where L1 is the dilation which depends on the spatial coordinates. In the present case it is taken as z-dependent. The present experiments have shown that it is possible to obtain unbroadened GQO in the attenuation of Rayleigh waves. In order to obtain such lines, the sample surface must be .free of any stress. Then, the experimental linewidth agrees with the theory [2] . This agreement is noteworthy since the theory has been carried out in the case of specular reflections of the electrons on the surface. However, the asymmetrical line shape reported here cannot be explained with the theory [2] . This peculiar shape is perhaps due to diffuse reflections of the electrons on the surface (as the asymmetrical line shape in the case of GQO in the attenuation of acoustic bulk waves is due to collisions of the electrons with the impurities) [12] . If the surface is stressed, the GQO suffer an inhomogeneous broadening which has been explained by taking into account the deformation field near the surface.
Similar considerations have been used to explain the broadening of the GQO in the attenuation of acoustic bulk waves in a dislocated lattice [13] . In the present paper we have not considered the dislocations near the surface. However, they can act also on the line broadening. Thin films exhibit indeed high tensile strength, due to the high density of defects frozen during the deposition and a plastic flow may occur in the substrate near the interface as the sample is cooled. Unfortunately the tensile strength is not known for Ga at low temperature and it is not possible presently to estimate the magnitude of this effect. Further experiments are in progress to probe precisely the deformation field near the surface by considering the Rayleigh frequency and the thermal-expansion coefficient of the evaporated film.
